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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Serial N^^^^TP^X 09/665,303 

Filed / : i^eptember 19, 2000 

Applicant : gbhn T. Santini, Jr., et al. 

Title B AUG 2 0 20(14 Microchip Drug Delivery Devices 

TC/AlA^ej^^ J^3763 
Examiner^^^^^^^^ A.T. Nguyen 

Docket No. : 17648-0014 
Customer No. : 29052 

DECLARATION UNDER 37 CF.R, § 1.132 

Mail Stop RCE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

I, Robert S. Langer, hereby declare that: 

1 . I am an inventor of the above-identified patent application. I am the Kenneth J. 
Germeshausen Professor of Chemical and Biomedical Engineering at the Massachusetts Institute 
of Technology. A copy of my Curriculum Vitae is attached hereto. 

2. I have over 500 issued or pending patents worldwide, many of which have been 
licensed or sublicensed to some 100 pharmaceutical, chemical, biotechnology, and medical 
device companies. I have over 30 years experience working in the fields of biotechnology and 
materials science, with an emphasis on drug delivery. 

3. I have reviewed the Office Action mailed July 29, 2003, in connection with the 
present patent application. I also have reviewed U.S. Patent No. 6,1 14,658 to Roth et al. 
(hereinafter "the Roth patent") which is the English-language equivalent of the sole prior art 
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reference (WO 97/34697) relied upon by the Examiner for the rejections listed in the Office 
Action. 

4. The Office Action mischaracterizes both the knowledge of one of ordinary skill in 
the art and the teachings of the Roth patent. The Office Action alleges "it is well-known to 
implant such a drug-carrying microsystem into a patient." (page 2, second paragraph). This is 
incorrect. One of ordinary skill in the art at the time of our invention would not have considered 
implanting the microsystem of Roth into a patient. Prior to the publication of our priority 
applications, nothing in the prior art would have suggested an implantable microchip device 
packaged for implantation into a patient for the controlled release of drug molecules, wherein the 
device comprises multiple reservoirs containing drug molecules, releasable from the device by 
diffusion through or upon disintegration of reservoir caps. 

5. The Office Action also mistakenly contends that "[pjharmaceuticals are, by their 
very nature, intended to be administered to the body, and thus are only encapsulated in 
miniaturized devices for one reason, being placed in the body'' (Page 7, third paragraph, 
emphasis added). On the contrary, a variety of storage and testing containment devices are never 
intended for implantation into a body.^ A pharmaceutical compound can be "encapsulated" for a 
variety of reasons and in a variety of types and sizes of vessels over its usefiil life as it is 

* In fact, the background of the Roth patent lists DE 3919042. The abstract of this patent describes 

micromechanical structures with reservoirs used to test substances for possible changes in physical 
and/or chemical properties. The structure comprises a block and a cover.... The block has a 
number of depressions of particular size shape, distribution, etc., and the cover has elevations 
which match these exactly so as to provide a hermetic closure... These structures are used for 
evaluation and documentation in biotechnology, genetic engineering, cell or immune research, or 
for other medical ... research. They allow dangerous substances to be stored and handled (for 
testing, etc.) safely, and provide simple process control and evaluation of tests on very small 
amounts of sample. 

AO 1167367.1 Page 2 of 4 



U.S.S.N. 09/665,303 
Filed: September 19,2000 
DECLARATION UNDER 37 CFR 1.132 

manufactured, tested, packaged for bulk transport and storage, packaged in unit dosage forms, 
and finally readied for administration. Thus, pharmaceuticals are not encapsulated in 
microsystem devices only for placement in the body. 

6. The Roth patent discloses that it is desirable to encapsulate sensitive materials, 
such as chemical indicator materials, catalysts, and pharmaceuticals (col. 1, lines 9-10), and that 
conventional methods for encapsulating such sensitive materials include "encapsulation of the 
substance in a glass bulb, plastic foils or similar packings" (col. 1, lines 20-22). One of ordinary 
skill in the art would have understood that a pharmaceutical could be encapsulated or packaged 
using devices and materials unsuitable for implantation. Accordingly, one of ordinary skill in 
the art would understand Roth as disclosing the encapsulation of a pharmaceutical into a 
miniaturized device only for the purpose of storage and in vitro testing of small samples of a 
potential pharmaceutical compound, such as in a drug discovery screening process. 

7. The Office Action also erroneously concluded that "whether Roth is merely 
testing the device or not, one of ordinary skill would have found it obvious to implant the 
encapsulated drug device'^ (Page 7, third paragraph, emphasis added). This is not accurate. 
The Roth patent does not teach or suggest to one of ordinary skill in the art that they could 
implant into a patient the encapsulation devices disclosed in the Roth patent. The Roth patent 
also fails to provide any motivation to one of ordinary skill in the art to adapt or package the 
encapsulation devices for implantation and use in vivo, 

8. The Roth patent failed to provide to one of ordinary skill at the time of the present 
invention any motivation to modify the devices disclosed in the Roth patent to achieve an 
implantable device for drug delivery as claimed in the present application. The rejections set 
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forth in the Office Action appear to be improperly based on hindsight reconstruction in view of 
the present application or other recent/non-prior art publications. 

9. I declare that all statements made herein of my own knowledge and belief are true 
and that all statements made on information and belief are believed to be true, and further that 
tlie statements are made with the knowledge that willful false statements are punishable by fine 
or imprisomnent, or both, under section 1001 of Title 18 of the United States Code, and that such 
willful felse statements may jeopardize the validity of the appUcation or any patent issuing 
thereon. 




1^ 



ROBERT S.L'ANGER Date 
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ROBERT SAMUEL LANGER ' '^^N 

Curriculum Vitae / *^ 

DATE & PLACE OF BIRTH August 29, 1 948, Albany, New York S J 

EDUCATION ^ ^ 

1 974 Sc.D., Chemical Engineering, MIT ""^iiiE AaS^ 

1970 B.S, (with distinction) Chemical Engineering, Cornell University 
HONORS 

2004 Charles F. Kettering Prize (GM Cancer Research Foundation) 

2004 Pirkey Lectureship in Chemical Engineering (University of Texas, Austin) 

2004 Evans Memorial Award Lectureship (Ohio State University) 

2004 Nelson Taylor Lecturer and Awardee (Pennsylvania State University) 

2004 Benjamin Zweifach Distinguished Lecturer (City College) 

2004 Nelson Leonard Lecturer (University of Illinois) 

2004 Donald Katz Lecturer (University of Michigan) 

2003 Heinz Award for Technology, Economy and Employment 

2003 Harvey Prize in Science and Technology and Human Health 

2003 John Fritz Medal (American Association of Engineering Societies) 

2003 Founders Lecturer (University of Wisconsin) 

2003 Rohm and Hass Lecturer (Stanford University) 

2003 Elected to the Academy of Achievement (Golden Plate Award) 

2003 Tripathy Endowed Memorial Lecture (University of Massachusetts, Lowell) 

2003 Skinner Memorial Lecture (Northwestern University) 

2003 Honorary Doctorate (University of Liverpool, England) 

2003 Maurice and Yetta Glicksman Lecturer (Brown University) 

2003 FMC Lecturer (Princeton University) 

2003 Seymour J. Kreshover Lecturer (National Institutes of Health) 

2003 Whitaker Lecturer (American Society of Artificial Organs) 

2002 Dickson Prize for Science (Carnegie Mellon University) 

2002 Charles Stark Draper Award (National Academy of Engineering) 

2002 Othmer Gold Medal (Chemical Heritage Foundation) 

2002 Nagai Innovation Award (Controlled Release Society) 

2002 Feigenbaum - Levine Lecturer (Beth Israel Hospital at Harvard Medical School) 

2002 Honorary Doctorate (Hebrew University of Jerusalem) 

2002 Herman Schwan Award (University of Pennsylvania) 

2002 Distinguished Lecturer (University of Louisville) 

2002 Institute Lecturer (American Institute of Chemical Engineers) 

2001 Harrison Howe Award (American Chemical Society) 

2001 Ullyot Lecturer (Chemical Heritage Foundation) 

2001 Clapp Lecturer (Brown University) 

2001 Julian Smith Lecturer (Cornell University) 

2001 Mason Lecturer (Stanford University) 

200 1 Distinguished Lecturer (Carnegie Mellon) 

2000 Herman Beerman Lecturer (Society for Investigative Dermatology) 

2000 Millennial Lecturer (University of Liverpool) 

2000 Bayer Lecture (University of Pittsburgh) 

2000 Bayer Stein Honorary Lecture (University of Massachusetts at Amherst) 

2000 Honorary Doctorate (The Catholic University of Louvain, Belgium) 

2000 Glaxo Wellcome International Achievement Award (Royal Pharmaceutical Society of Great Britain) 

2000 Millennial Pharmaceutical Scientist Award (Millennial World Congress of Pharmaceutical Sciences) 

2000 William G. Lowrie Lectureship (The Ohio State University) 

2000 Frank T. Gucker Lecturer (Indiana University) 

2000 First Pierre Galletti Award (American Institute of Medicine & Biological Engineering) 

2000 First Patten Distinguished Lectureship (University of Colorado at Boulder) 



2000 Wallace Carothers Award (American Chemical Society, Delaware Section) 

1 999 American Chemical Society Award in Polymer Chemistry 

1999 Esselen Award (American Chemical Society, Northeast Section) 

1 999 G.N. Lewis Medal and Lecturer (University of California at Berkeley) 

1 999 Beckman Lecturer (University of Illinois at Urbana) 

1999 Reilly Lecturership (Notre Dame University) 

1999 Ebert Prize (American Pharmaceutical Association) 

1998 Outstanding Pharmaceutical Paper Award (Controlled Release Society) 

1998 Lemelson-MIT Prize for Invention and Innovation 

1998 The Nagai Foundation Tokyo International Prize 

1 998 Wagner Lectureship (University of Michigan) 

1998 Ewing Halsell Foundation Lectureship (University of Texas Health Center, San Antonio) 
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1998 Marcus Memorial Lecturer (Washington University, St. Louis) 

1998 Joseph Stokes, Jr. Lecturnship (University of Pennsylvania) 
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1997 Wiley Medal (U.S. Food and Drug Administration) 

1997 Honorary Doctorate (The Technion - Israel) 

1997 William J. Rashkind Memorial Lecture (American Heart Association) 

1997 Rohm and Haas Lecturer in Materials Chemistry (University of North Carolina) 

1 996 Gairdner Foundation International Award 

1996 Honorary Doctorate (Eidgenossische Technische Hochschule-ETH, Switzerland) 

1996 William Walker Award (American Institute of Chemical Engineers) 

1 996 Society of Plastics Engineers International Award 
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1994 Feigenbaum Memorial Lecturer (Beth Israel Hospital, Harvard Medical School) 

1993 Distinguished Pharmac. Scientist Award (Highest Honor of the Amer. Assoc.of Pharm.Scient.) 

1993 Kurt Wohl Memorial Lecturer (University of Delaware) 
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1 992 Elected to the National Academy of Sciences 
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Owners, Inc.) 

1989 Founders Award for Outstanding Research (Controlled Release Society) 

1 989 Walter F. Enz Lecturer (University of Kansas) 

1988 Elected to the Gordon Conference Research Council 
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300. US Patent: Langer, R., Domb, A., Synthesis and application of high molecular weight polyanhydrides, pending. 

301 . US Patent: Langer, R., Martin, I. A novel and versatile approach toward the fabrication of porous polymer matrices, 
pending 

302. US Patent: Langer, R., Murray, J., Moses, M., Collagenase Inhibitors, pending. 

303. US Patent: Larsen, A., Linhardt, R., Wogan, G., Langer, R., Heparin Fragments Resistant to Biotransformation, 
pending. 

304. US Patent: Laurencin, C, Lucas, P., Domb, A., Langer, R., Bioerodible Polymeric Delivery Systems for Induction 
of Cartilage and Bone, pending. 

305. US Patent: Laurencin, C, Langer, R., AUcock, H., Neenan, T., Polyphosphazene Matrix System for Drug Delivery 
Applications, pending. 

306. US Patent: Lynn, D., Putnam, D., Amiji, M., Langer, R., Biodegradable poly(bets-amino esters) and uses thereof, 
pending. 

307. US Patent: Mathiowitz E., Langer, R., MuUon, C, Domb, A., Preparation of Poly anhydride Microspheres and Use 
in Controlled Drug Delivery, pending. 

308. US Patent: Mathiowitz, E., Langer, R., Multiwall Polymeric Microcapsules, pending. 

309. US Patent: Mathiowitz, E., Langer, R., Warshawsky, A., Edelman, E., Polymer composite for controlled release or 
membrane formation, pending. 

310. US Patent: Mathiowitz, E., Peppas, N., Langer, R. Bioadhesive Properties of Polyanhydrides Suitable for Oral 
Delivery Systems, pending. 

311. US Patent: Mikos, A., Langer, R., Preparation of Biodegradable Non- Woven Fiber Structures by Heat Treatment of 
Polymer Composites, pending. 

312. US Patent: Mikos, A., Ingber, D., Vacanti, J., Langer, R., A Chemical Method to make Porous Structures which 
could be seeded with cells for implantation, pending. 

313. US Patent: Mitragotri, S., Blankschtein, D., Langer, R., Transdermal protein delivery using low frequency 
sonophoresis. Pending. 

314. US Patent: Mooney, D., Schwendeman, S., Sano, K., Langer, R., Vacanti, J., Kaufmann, P., Localized Delivery of 
Factors Enhancing Survival of Transplanted Cells, pending. 

315. US Patent: Moses, M. Sudhalter, J., Langer, R., Method and Composition for Inhibition of Angiogenesis, pending. 

316. US Patent: Mullon, C, Klibanov, A., Langer, R., Method for Measuring Unbound Bilirubin in Serum of Plasma, 
pending. 

317. US Patent: Mullon, C, Lees, R., Langer, R., Conlon, H., Reduction of Low Density Lipoproteins in Biological 
Fluids, pending. 

3 1 8. US Patent: Niklason, L.E., Gao, J, Langer, R. Tissue engineered constructs, pending. 



319. US Patent: Okada, J., Cohen, S., Langer, R., Specification of polymerized liposomes with enhanced stability, 
pending. 

320. US Patent: Organ, G., Vacanti, J., Langer, R., Neomorphogenesis of intestine in vivo from cell cultures, pending. 

321. US Patent: Prausnitz, M., Cullander, C, Weaver, J., Guy, R., Langer, R., Process for delivery of particles into 
tissue, pending. 

322. US Patent: Prausnitz, M., Edwards, D., Langer, R., Transdermal molecular transport by an oscillatory mechanism, 
pending. 

323. US Patent: Prausnitz, M., Gimm, J., Langer, R., Weaver, J., Targeted delivery of drugs to hair follicles, pending. 

324. US Patent: Putnam, D., Langer, R., Endosomolytic polymers for high efficiency gene transfer, pending. 

325. US Patent: Richards, A., Santini, J., Cima, M., Langer, R., Microchip devices for delivery of molecules and 
methods of fabrication thereof, pending. 

326. US Patent: Sabel, B., Buccalo, L., Langer, R., Polymeric Device for Controlled Drug Delivery to the CNS, 
pending. 

327. US Patent: Santini, J. Jr., Cima, M., Langer, R., Miniaturized Multi- Welled Drug Delivery Device, pending. 

328. US Patent: Santini, J., Richards, A., Scheidt, R., Cima, M., Langer R., Microchips as controlled drug delivery 
devices, pending. 

329. US Patent: Santini, J., Cima, M., Langer, R., Goepferich, A., Microchip drug delivery devices, pending. 

330. US Patent: Shastri, P., Martin, L, Langer, R., A novel and versatile approach toward the fabrication of porous 
polymer matrices, pending. 

331. US Patent: Shastri, V., Martin, I., Langer, R., Method for preparing three-dimensional polymer foams, pending. 

332. US Patent: Shastri, V., Langer, R., MRI Contrast Agent, pending. 

333. US Patent: Shastri, V., Santini, J., Langer, R., Drug Delivery Devices, pending. 

334. US Patent: Shastri, V., Schmidt, C, Langer, R., Vacanti, J., Neuronal stimulation using electrically conducting 
polymers, pending. 

335. US Patent MIT case # 9365: Shastri, V., Zelikin, A., Lynn, D., Martin, I., Langer, R., Bioerodible Conducting 
Polymers, Pending. 

336. US Patent, MIT Case 8783: Shastri, V., Yang, C-C. and Langer, R., Microsphere Delivery System, pending. 

337. US Patent: Shefer, S., Afeyan, N., Langer R., Quantitative Measurement of LDL, pending. 

338. US Patent: Vacanti, C, Vacanti, J., Langer, R., Neomorphogenesis of Bone In Vivo From Cell Culture, pending. 

339. US Patent: Vacanti, C, Lipton, J., Paige, K., Vacanti, J., Langer, T., Cao, Y. Lin, Neomorphogenesis of Tendons in 
vivo from Cell Culture, pending. 

340. US Patent: Vacanti, J., Langer, R., Chimeric Neomorphogenesis of Urological Structures by Controlled Cellular 
Implantation using Artificial Matrices, accepted. 

341 . US Patent: Vacanti, J., Langer, R., Controlled cellular implantation using artificial matrices, pending. 

342. US Patent: Vacanti, J., Langer, R., Neomorphogenis of Urological Structures in vivo from Cell Cultures, pending 

343. US Patent: Vacanti, J., Langer, R., Neomorphogenesis of Cartilage in vivo from Cell Culture, pending. 

344. US Patent: Vacanti, J., Langer, R., Johnson, L., Cima, L.G., Method for implanting large volumes of cells on 
polymeric matrices, pending. 

345. US Patent. Vacanti, J., Langer, R., Vacanti, C, Biodegradable Synthetic Polymeric Fibrous Matrix Containing 
Chondrocyte for in vivo Production of a Cartilaginous Structure, pending. 

346. US Patent: Vacanti, J. Langer, R, Chimeric Neomorphogenesis of Organs by Controlled Cellular Implantation 
Using Artificial Matrices, pending. 

347. US Patent: Vacanti, J., Langer, R., Atala, A., Mooney, D., Neomorphogenesis of breast tissue as replacement for 
cosmetic surgery of the breast or reconstructive surgery of the breast, pending 

348. US Patent: Vacanti, J., Langer, R., Ingber, D., Mikos, A., Implantation of a matrix which is vacularized and then 
seeded with cells to form a cell-matrix structure, pending. 

349. US Patent: Vacanti, J., Langer, R., Implantation of cell-matrix structures in the mesentary and momentum, pending, 

350. US Patent: Venkataraman, G., Ernst, S., Cooney, C, Godavarti, R., Langer, R. Rationally designed polysaccharide 
lyases derived from Heparinase I, pending. 

351. US Patent: Wong, J., Ingber, D., Langer, R., Control of Cell Function on Electrically Conducting Polymers, 
pending. 

352. US Patent: Yang, V., Bernstein, H., Langer, R, Neutralizaton of the Anticoagulation Activities of the Low 
Molecular Weight Heparin Fragments and Fragments with Flavobacterial Heparinase, pending. 



353. US Patent: Zewert, T., Pliquett, U., Langer R., Weaver, J. Delivery of nucleotides into organisms by 
electroporation, pending. 

354. US Patent: Santini, Sheppard, N., Langer, R., Young, C.C., Microfabricated Devices for the Selective Exposure of 
Sensor or Reaction Components, pending. 

355. US Patent: No. 17509-0016: Santini, J., Cima, M., Langer, R., Ausiello D. Microchip Devices for Ophthalmic 
Applications, pending. 

356. US Patent: MIT No. 9015: Vunjak-Novakovic, G., Langer, R., Madry, H., Trippel, S. Tissue Engineering of 
Cartilage Enhanced By the Transfer of Human Insulin-Like Growth Factor-I-Gene, pending. 

357. US Patent: MIT No. 8749: Langer, R., Papadaki, M., van Blitterswijk, C, Riesle, J., Muscle Tissue Engineering, 
pending. 

358. US Patent: MIT No. 9082: Langer, R. Macrochemotherapeutics- A New Concept In the Design of Anti-Neoplastic 
Agents, pending. 

359. US Patent: MIT No. 9093: Langer, R. Improvement of Biological Activity of Bioactive Agents By Complexation 
With Cyclodextrin, pending. 

360. US Patent: Langer, R. Bioengineered Anterior Cruciate Ligament, pending. 

361 . US Patent: 09/685, 232: Langer, R., Ameer, G. Cell Delivery Using Controllable Degradable Mesh-Gel Constructs. 

362. US Patent: 60/186,545: Santini, J., Sheppard, N., Young, C. C. Microfabricated Devices for the Storage and 
Selective of Chemicals and Devices, pending. 

363. US Patent: Kohane, D., LaVan, D., Langer, R. In vivo sensor package incorporated into a replacement cardiac 
valve or repair ring (natural, synthetic, or tissue engineered), pending. 

364. US Patent: MIT Case No. 9042. Langer, R., Lynn, D., Putnam, D., Amiji, M. Biodegradable Poly(Beta-Amino 
Esters) and uses, pending. 

365. US Patent: MIT Case No. 9188. Langer, R. Porous Self-Assembly Monolayers, pending. 

366. US Patent Lynn, D., Vasquez, E., Langer, R., Hammond, P., Methods of Making Decomposable Thin Films of 
Polyelectrolytes and Uses Thereof, pending 

367. US Patent 17509-0024 Santini, J., Cima, M.J., Langer, R., Ausiello, D., Sheppard, N., Herman, S.J., Flexible 
microchip devices for ophthalmic and other applications, pending 

368. US Patent: MIT Case No. 9652. Mitragotri, S., Langer, R. Mechanism to Enhance Transdermal Drug Delivery, 
pending 

369. US Patent: MIT Case No. 9641. Putnam, D., Langer, R. Phagosomolytic Microparticles for Targetable Cytoolic 
DNA to Antigen Presenting Cells, Pending 

370. US Patent MIT Case No. 8151. Putnam, D., Langer, R. Endosomolytic agents and Cell Delivery, pending 

371. US Patent: Kohane, D., Langer, R., Prolonged suppression of electrical activity in excitable tissue. Pending. 

372. US Patent: Levenberg, S., Michal, A., Itskovitz-Elder, J., Langer, R., Endothelial Cells Derived from Human 
Embryonic Stems Cells, pending. 

373. US Patent: Marietta, M., Langer, R., NO Releasing or Generating Materials for Treatment of Pulmonary Disorders, 
pending 

374. US Patent 60/419,722: Westphal, C, Langer, R., Therapeutic Compositions, pending 

375. US Patent: MIT Case No. 9991. Chau, Y., Langer, R., Polymer-Linker-Drug Conjugates for Targeted Drug 
Delivery, pending 

376. US Patent: Hutchinson, C, Langer, R, Garner, B., and Warren, J. Shape memory expandable needles, pending 

377. US Patent: Lahann, J., Mitragotri, S., Langer, R., Switchable Surfaces, pending 

378. US Patent: Farokhzad, O., LaVan, D., Jon, S.Y., Tran, T., Langer, R., Method and uses of electrical biosensor 
devices comprising of aptomer conjugated electrical sensors, pending 

379. US Patent: Levenberg, S., Huang, N.F., Lavik, E., Itskovitz-Eldor, J., Langer, R., Engineering 3 dimensional tissue 
structures using human embryonic stem cells, pending. 

380. US Patent: Kohane, D. and Langer, R., Formulations for orialnasal, gastrointestinal and topic drug delivery, 
pending. 

381 . US Patent: Kohane, D. and Langer, R., Methods of prevention and treatment of suglottic stenosis, pending. 

382. US Patent: Kohane, D. and Langer, R., Prophylaxis of fungal infections, pending. 

383. U.S. Patent: Radisic, M., Park, H., Langer, R., Freed, L. and Vunjak-Novakovic, G., In vitro application of 
electrical stimulation for functional tissue engineering, pending. 



384. U.S. Patent: Johnson, A., Cima, M. and Langer, R., Microscale lyophilization and drying methods for the 
stabilization of molecules, pending. 

385. U.S. Patent 09/981,020: Kohane, D., Lipp, M. and Langer, R., Lipid protein sugar particles for drug delivery, 
pending. 

386. U.S. Patent: Little, S., Lynn, D., Anderson, D. and Langer, R. pH sensitive, microsphere based, vaccine delivery 
using poly(P-amino ester)s, pending. 

387. U.S. Patent: Farokhzad, O., Jon, S. and Langer, R., Targeted delivery of nano- or microparticles using nucleic acid 
ligands, pending 

388. U.S. Patent: Baroli, B., Shastri, V.P. and Langer, R., A method to protect sensitive molecules from a 
photopolymerizing environment, pending. 

389. U.S. Patent: Lendlein, A. and Langer, R., Self-expanding device for the gastrointestinal or urogential area, pending. 

390. U.S. Patent: Langer, R., Tissue engineered tubular construct having circumferentially oriented smooth muscle cells, 
pending. 

391. U.S. Patent, MIT Case 10227: Wang, C. and Langer, R., Formation of dynamic nanostructures and nanodevices 
driven by protein self-assembly, pending. 

392. U.S. Patent, MIT Case 10228: Wang, C. and Langer, R., Facile synthesis of nanostructure-hydrogel composites, 
pending. 

393. U.S. Patent, MIT Case 9841: Anderson, D. and Langer, R., Parallel synthesis and testing of arrayed polymers, 
pending. 

394. U.S. Patent, MIT Case 9947: Lynn, D. and Langer, R., Degradable conducting materials, pending. 

395. U.S. Patent, MIT Case 9487: Lynn, D., Vazquez, E., Hammond, P., and Langer, R., Assembly of degradable thin 
films via layer-by-layer deposition of degradable polyelectrolytes, pending. 

396. U.S. Patent: Farokhzad, O., Jon, S.Y. and Langer, R., Targeted delivery of controlled release polymer systems, 
pending. 

397. U.S. Patent, MIT Case 9022: Anderson, D., Kohane, D. and Langer, R., Methods for the pH-triggered release of 
compounds from micro- and nanospheres, pending. 

398. U.S. Patent, MIT Case 8851: Lahann, J., Chau, Y., and Langer, R., Site-specific drug delivery using drug vehicles 
with micro-gates, pending. 

399. U.S. Patent, MIT Case 10317: Farokhzad, Omid and Langer, R., Isolation of disease specific nucleic acid ligands 
and purification of targets by affinity chromatography, pending. 

400. U.S. Patent, MGH Case 60466318: Ron, E.S. and Langer, R., Intravaginal drug delivery device, pending. 

401. U.S. Patent 60452891: George, P., Langer, R., LaVan, D., Methods and uses for simple three-dimensional 
microfabrication, pending. 

402. U.S. Patent 60473579, Ron, E. and Langer, R., Methods for contraception and treatment of female reproductive 
conditions and disorders, pending. 

403. US Patent, MIT Case 10172: Anderson, D., Lynn, D., Akinc, A. and Langer, R., Biodegradable poly(beta-amino 
esters) and uses thereof, pending. 

404. US Patent, MIT Case 10180: Kohane, D., Anderson, D., Langer, R., Haining, W., Nadler, L., ph-triggered 
microparticles, pending. 

405. US Patent, MIT Case 10477: Anderson, D., Levenberg, S. and Langer, R., Nanoliter-scale synthesis of arrayed 
biomaterials and screening with human embryonic stem cells, pending. 

406. US Patent, MIT Case 10647: Berry, D., Anderson, D., Lynn, D. and Langer, R., Intercellular delivery of heparin- 
like compounds, pending. 

407. US Patent: Berry, D., Anderson, D., Lynn, D., Sasisekharan, R. and Langer, R. Methods and products related to the 
intracellular delivery of polysaccharides, pending. 

AUSTRALIAN PATENTS PENDING 

408. Australian Patent: Berde, C, Langer, R., Biodegradable polymer matrices for sustained delivery of local anesthetic 
agents, pending. 

409. Australian Patent: Folkman, M., Taylor, S., Langer, R., Inhibition of Angiogenesis, pending. 

410. Australian Patent 751861: Lendlien, A., Schmidt, A., Grablowitz, H., Langer, R., Biodegradable shape memory, 
polymers, pending. 



411. 



Australian Patent: Vacanti, J., Langer, R., Vacanti, C, Construction of cell-matrix structures for implantation to 
create connective tissues such as cartilage or bone, pending. 



CANADIAN PATENTS PENDING 

412. Canadian Patent: Barrera, D., Langer, R., Lansbury, P., Vacanti, J., Biodegradable Polymers for Cell 
Transplantation. Pending 

413. Canadian Patent: Berde, C, Langer, R, Biodegradable Polymer Matrices for Sustained Delivery of Local 
Anesthetic Agents, pending. 

414. Canadian Patent: Cohen, S., Bano, C, Visscher, K., Chow, M., Allcock, H., Langer, R., lonically Cross-linked 
Polymeric Microcapsutes, pending. 

415. Canadian Patent: Curley, J., Hedley, ML., Langer, R, Microparticles for Delivery of Nucleic Acid. Pending. 

416. Canadian Patent: Domb, A., Langer, R., Golomb, G., Mathiowitz, E., Laurencin, C, Hydroxamic Acid Polymers 
Formed from Primary Amide Polymers, pending. 

417. Canadian Patent: Domb, A., Gref, R, Minamitake, Y., Peracchia, M., Langer, R., Nanoparticles and Microparticles 
of Non-Linear Hydrophilic-Hydrophobic Multiblock Copolymers, pending. 

418. Canadian Patent: Folkman, M., Taylor, S., Langer, R, Inhibition of Angiogenesis, pending. 

419. Canadian Patent: Gerhart, T., Laurencin, C, Domb, A., Langer, R, Hayes, W., Bioerodible Polymers for Drug 
Delivery in Bone. Pending. 

420. Canadian Patent: Gopferich, A., Santini, J., Langer, R, Cima, M., Microchip Drug Delivery Devices. Pending. 

421 . Canadian Patent: Gref, R., Minamitake, Y., Langer, R, Biodegradable Particles, pending. 

422. Canadian Patent: Kost, J., Mitragotri, S., Langer, R, Sonophoretic Enhanced Transdermal Transport. Pending. 

423. Canadian Patent: Langer, R, Andrianov, A., Hydrophobic Polymeric Microparticles. Pending 

424. Canadian Patent: Langer, R, Kost, J., Pishko, M., Pliquett, U., Mitragotri, S., Weaver, J., Blankschtein, D., 
Johnson, M., Enhanced Transdermal Transport Using Ultrasound. Pending. 

425. Canadian Patent: Langer, R., Lees, R., Labeque, R., Mullon, C, Lipoprotein Removal by Soluble Enzymes, 
pending. 

426. Canadian Patent: Langer, R, Murray, J., Moses, M., Collagenase Inhibitors, pending. 

427. Canadian Patent: Langer, R., Schmidt, A., Grablowitz, H., Lendlein, A., Biodegradable Shape Memory Polymers. 
Pending. 

428. Canadian Patent: Langer, R., Vacanti, J., Prevascularized Polymeric Implants for Organ Transportation, pending. 

429. Canadian Patent: Laurencin, C, Gerhardt, T., Domb, A., Langer, R, Hayes, W., Bioerodible polymers for drug 
delivery in bone, pending. 

430. Canadian Patent: Lees, R, Langer, R., Labeque, R, Mullon, C, Lipoprotein Removal by Soluble Enzymes. 
Pending. 

431. Canadian Patent: Lendlein, A., Langer, R, Shape Memory Polymers. Pending. 

432. Canadian Patent: Niklason, L., Gao, J., Langer, R., Tissue-Engineered Constructs. Pending 

433. Canadian Patent: Rosenberg, R., Simons, M., Edelman, E., Langer, R., Dekeyser, JL., Localized Oligonucleotide 
Therapy, pending. 

434. Canadian Patent: Rupnick, M., Folkman, J., Langer, R, Method for Regulating Size and Growth of Vascularized 
Normal Tissue, Pending. 

435. Canadian Patent: Sasisekharan, R., Ernst, S., Venkataraman, G., Cooney, C, Langer, R, Godavarti, R, Rationally 
Designed Polysaccharide Lyases Derived from Heparinase I. Pending. 

436. European Patent 0726773A: Sasisekharan, R, Moses, M., Nugent, M., Cooney, C, Langer, R., Method for 
Inhibiting Angiogenesis Using Heparinase. 

437. Canadian Patent: Sasisekharan, R., Lohse, D., Cooney, C, Linhardt, R., Langer, R., Purification, Composition and 
Specificity of Heparinase 1, 11 and III from Flavobacterium Heparinum, pending. 

438. Canadian Patent: Shakesheff, K., Patel, N., Cannizzaro, S., Langer, R., Surface Coating in Spatially Controlled 
Patterns. Pending. 

439. Canadian Patent: Shastri, P., Langer, R., Anseth, K., Biodegradable Polymer Networks for Use in Orthopedic and 
Dental Applications. Pending. 

440. Canadian Patent: Shastri, V., Schmidt, C, Vacanti, J., Langer, R., Neuronal Stimulation Using Electrically 
Conducting Polymers. Pending. 



441. Canadian Patent: Trantolo, D., Gresser, J., Wise, D., Klibanov, A., Langer, R., Lewandroski, K., Resorbable 
Interbody Spinal Fusion Devices. Pending. 

442. Canadian Patent: Vacanti, J., Barrera, D., Lansbury, P., Langer, R., Biodegradable Polymers for Cell 
Transplantation, pending, 

443. Canadian Patent: Vacanti, R., Langer, R., Chimeric Neomorpogenesis of Organs by Controlled Cellular 
Implantation Using Artificial Matrices, Pending. 

444. Canadian Patent: Vacanti, J., Langer, R., Ingber, D., Mikos, A., Implantation of a matrix which is vacularized and 
then seeded with cells to form a cell-matrix structure, pending. 

445. Canadian Patent: Vacanti, J., Langer, R., Johnson, L., Griffith-Cima, L., Method for Implanting Large Volumes of 
Cells on Polymeric Matrices. Pending. 

446. Canadian Patent: Vacanti, J., Langer, R., Vacanti, C, Construction of cell-matrix structures for implantation to 
create connective tissues such as cartilage or bone, pending. 

447. Canadian Patent: Vacanti, J., Mooney, D., Langer, R., Atala, A., Breast Tissue Engineering. Pending. 

448. Canadian Patent: Vacanti, J., Vacanti, C, Langer, R., Neomorphogenesis of Cartilage in vivo from Cell Culture, 
pending. 

449. Canadian Patent: Wise, D., Klibanov, A., Langer, R., Gresser, R., Trantolo, D., Material for Buffered Resorbable 
Internal Fixation Devices and Method for Making Same. Pending. 

450. Canadian Patent: Wu, I., Sytkowski, A., Wiederschain, D., Moses, M., Langer, R., Troponin Subunits and 
Fragments Useful as Angiogenesis Inhibitors. Pending. 

451. Canadian Patent: Zohar, Y., D'Emanuele, A., Kost, J., Langer, R., Ultrasound-Mediated Administration of 
Compounds into Aquatic Animals, pending. 

EUROPEAN PATENTS PENDING 

452. European Patent: Ameer, G., Langer, R. Transdermal Thermal Polymerization, pending. 

453. European Patent: Atala, A., Vacanti, J., Freeman, M., Langer, R., Neomorphogenesis of Urolgical Structures in 
vivo from Cell Culture, pending. 

454. European Patent: Berde, C, Langer, R., Biodegradable Polymer Matrices for Sustained Delivery of Local 
Anesthetic Agents, pending. 

455. European Patent 0,963,202A: AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LI, LU, MC, NL, PT, SE: Berde, 
C, Langer, R., Curely, J., Castillo, J., Formulations and Methods for Providing Prolonged Local Anesthesia. 
Pending 

456. European Patent 0,774,964A: AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LI, LU, MC, NL, PT, SE: Brem, H., 
Langer, R., Domb, A., Controlled Local Delivery of Chemotherapey Agents for Treating Solid Tumors. Pending 

457. European Patent: Cohen, S., Bano, C, Visscher, K., Chow, M., Allcock, H., Langer, R., lonically Crosslinked 
Polymeric Microcapsules, pending. 

458. European Patent 0,266,603A: AT, BE, CH, DE, ES, FR, GB, GR, IT, LI, LU, NL, SE: Domb, A., Langer, R., 
Preparation of Anhydride Copolymers. Pending 

459. European Patent 0,885,002A: AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LI, LU, MC, NL, PT, SE: 
Edwards, D., Deaver, D., Langer, R., Materials and Methods for Enhancing Cellular Intematization. Pending 

460. European Patent 0,954,282A: AT, BE, CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LI, LU, MC, NL, PT, SE: 
Edwards, D., Hanes, J., Evora, C, Langer, R., Vanbever, R., Mintzes, J., Wang, J., Chen, D., Preparation of 
Particles for Inhalation. Pending 

461. European Patent I,112,348A: AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LI, LU, MC, NL, PT, SE: 
Freed, L., Martin, I., Langer, R., Vunjak-Novakovic, G., Use of Growth Factors and Hormones for Expansion of 
Mammalian Cells and Tissue Engineering. Pending 

462. European Patent 1,1 71,231 A: AL, AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LI, LU, MC, MK, NL, 
PT, RO, SE, SI: Galakatos, N., Langer, R., Putnam, D., Formulation Arrays and Use Thereof. Pending 

463. European Patent 1,1 19,316A: CA, EP, JP: Gresser, J., Trantolo, D., Langer, R., Klibanov, A., Wise, D., Buffered 
Resorbable Internal Fixation Devices and Methods for Making Material Therefore. Pending 

464. European Patent 1,01 1,545 A: CH, DE, ES, FR, GB, IT, LI: Gresser, J., Trantolo, D., Langer, R., Lewandroski, 
KU., Klibanov, A., Wise, D., Resorbable Interbody Spinal Fusion Devices. Pending. 



465. European Patent 1,005,374A: AT, BE, CH, DE, DK, ES, FI, PR, GB, GR, IE, IT, LI, LU, MC, NL, PT, SE: Hedley, 
ML., Curley, J., Langer, R., Lunsford, L., Microparticles for Delivery of Nucleic Acid. Pending. 

466. European Patent: Johnson, M., Pishko, M., Mitragotri, S., Blankschtein, D., Langer, R., Kost, J., Pliquett, U., 
Rowe, S., Enhanced Transdermal Transfer Using Ultrasound. Pending. 

467. European Patent 0,471, 549A: CH, DE, DK, FR, GB, IT, LI, NL, SE: Lees, R., Langer, R., Labeque, R., Mullon, C, 
Lipoprotein Removal by Soluble Enzymes. Pending. 

468. European Patent 1,056,487A: AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LI, LU, MC, NL, PT, SE: 
Langer, R, Lendlein, A., Schmidt, A., Grablowitz, H., Biodegradable Shape Memory Polymers. Pending. 

469. European Patent: Mikos, A., Ingber, D., Vacanti, J., Langer, R., A Chemical Method to make Porous Structures 
which could be seeded with cells for implantation. Pending. 

470. European Patent 1, 045,7 14A: AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LI, LU, MC, PT, SE: 
Mitragotri, S., Langer, R., Kost, J., Sonophoretic Enhanced Transdermal Transport. Pending 
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